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(57) ABSTRACT

The present disclosure provides a flexible display device, a
display apparatus, and a method for manufacturing the
flexible display device. The flexible display device com-
prises a flexible display panel, a hardened layer, and an
integrated circuit layer with bumps. A front surface of the
flexible display panel 1s provided with a circuit bonding
region. The flexible display panel comprises a first flexible
substrate. The hardened layer 1s on the first flexible sub-
strate. The hardened layer 1s at a position corresponding to
the circuit bonding region. The integrated circuit layer 1s
bonded to the circuit bonding region by the bumps.
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Provide a flexible display panel, a front surface of the
flexible display panel provided with a circuit bonding
region, the flexible display panel comprising a first
flexible substrate, the circuit bonding region being
above the first flexible substrate, a back surface of the
first flexible substrate being a back surface of the
flexible display panel

o 542

Y,

\ 4

Form a hardened layer on the back surface of the
first flexible substrate, the hardened layer being at a
position corresponding to the circuit bonding region

//\/«” 844

Y

RETETETEEETEL:

Bond bumps of an integrated circuit layer to the
circuit bonding region to bond the integrated circuit
layer to the flexible display panel

L L e A L A rava wararara

Fig. 4
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Provide a flexible display panel, a front surface of the flexible
display panel provided with a circuit bonding region, the flexible
display panel comprising a first flexible substrate, the circuit

bonding region being above the first flexible substrate, a back |~ 562
surface of the first flexible substrate being a back surtace of the
tlexible display panel, a hardened layer being formed on the front
surface of the first flexible substrate, and the hardened layer being
at a position corresponding to the circuit bonding region

\ 4
Bond bumps of an integrated circuit layer to the circuit bonding
region to bond the integrated circuit layer to the flexible display — = gg4g
| panel

Fig. 6
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FLEXIBLE DISPLAY DEVICE WITH
HARDENED LAYER, DISPLAY APPARATUS,
AND METHOD FOR MANUFACTURING
THE FLEXIBLE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to China Patent
Application No. 201711035268.9 filed on Oct. 30, 2017, the

disclosure of which 1s incorporated by reference herein in 1ts
entirety.

TECHNICAL FIELD

The present disclosure relates to a flexible display device,
a display apparatus, and a method for manufacturing the
flexible display device.

BACKGROUND

At present, COF (Chip on Flex) 1s generally used to
realize the bonding between a flexible display screen and an
IC (integrated circuit). COF 1s a soit material that does not
cause wire breakage when pressure-bonded to the flexible
display screen. However, the cost of COF 1s high and circuit
wires cannot be made too thin. By COP (Chip on plastic), the
IC 1s directly bonded on the flexible display screen, which
1s the future development direction.

SUMMARY

According to an aspect of some embodiments of the
present disclosure, there 1s provided a flexible display device
comprising: a flexible display panel, a front surface of the
flexible display panel provided with a circuit bonding
region, the flexible display panel comprising a first tlexible
substrate, the circuit bonding region being above the first
flexible substrate; a hardened layer on the first flexible
substrate, wherein the hardened layer 1s at a position corre-
sponding to the circuit bonding region; and an integrated
circuit layer with bumps, the integrated circuit layer being
bonded to the circuit bonding region by the bumps.

In some embodiments, a projection of the hardened layer
on the front surface of the flexible display panel at least
partially coincides with the circuit bonding region.

In some embodiments, an area of the hardened layer 1s
greater than or equal to an area of the circuit bonding region.

In some embodiments, the flexible display panel further
comprises a second tlexible substrate, wherein the hardened
layer 1s between the first flexible substrate and the second
flexible substrate.

In some embodiments, a back surface of the first flexible
substrate 1s a back surface of the flexible display panel, and
the hardened layer 1s on the back surface of the first flexible
substrate.

In some embodiments, the tlexible display device further
comprises: a base film layer; and a first adhesive layer
covering the hardened layer and the back surface of the
flexible display panel, configured to adhere the base film
layer to the back surface of the flexible display panel;
wherein, a thickness of the hardened layer 1s less than a
thickness of a portion of the first adhesive layer covering the
back surface of the flexible display panel.

In some embodiments, a back surtace of the first flexible
substrate 1s a back surface of the flexible display panel, a
front surface of the first flexible substrate 1s a surface
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2

opposite to the back surface of the first flexible substrate,
and the hardened layer 1s on the front surface of the first
flexible substrate.

In some embodiments, a thickness of the hardened layer
ranges from 5 micrometers to 50 micrometers.

In some embodiments, a matenial of the hardened layer
comprises: siloxane or a resin containing 1organic nanopar-
ticles.

In some embodiments, the bumps are bonded to the circuit
bonding region by a second adhesive layer.

According to another aspect of some embodiments of the
present disclosure, there 1s provided a display apparatus
comprising: a flexible display device as described above.

According to another aspect of some embodiments of the
present disclosure, there 1s provided a method for manufac-
turing a tlexible display device, comprising: providing a
tflexible display panel, a front surface of the flexible display
panel provided with a circuit bonding region, the flexible
display panel comprising a first flexible substrate, the circuit
bonding region being above the first flexible substrate, a
hardened layer being formed on the first flexible substrate,
wherein the hardened layer 1s at a position corresponding to
the circuit bonding region; and bonding bumps of an inte-
grated circuit layer to the circuit bonding region to bond the
integrated circuit layer to the tlexible display panel.

In some embodiments, a projection of the hardened layer
on the front surface of the flexible display panel at least
partially coincides with the circuit bonding region.

In some embodiments, 1n the step of providing a flexible
display panel, the flexible display panel further comprises a
second flexible substrate, wherein the hardened layer 1s
formed between the first flexible substrate and the second
flexible substrate.

In some embodiments, in the step of providing a flexible
display panel, a back surface of the first flexible substrate 1s
a back surface of the flexible display panel, and the hardened
layer 1s formed on the back surface of the first flexible
substrate.

In some embodiments, before bonding the bumps of the
integrated circuit layer to the circuit bonding region, the
method turther comprises: adhering abase film layer to the
back surface of the flexible display panel by a first adhesive
layer, the first adhesive layer covering the hardened layer
and the back surface of the flexible display panel: wherein,
a thickness of the hardened layer 1s less than a thickness of
a portion of the first adhesive layer covering the back surface
of the flexible display panel.

In some embodiments, a back surface of the first flexible
substrate 1s a back surface of the flexible display panel, a
front surface of the first flexible substrate 1s a surface
opposite to the back surface of the first flexible substrate,
and the hardened layer 1s formed on the front surface of the
first flexible substrate.

In some embodiments, the step of providing a flexible
display panel comprises: forming a hardened layer on the
first flexible substrate by a wet coating process.

In some embodiments, the step of bonding bumps of an
integrated circuit layer to the circuit bonding region com-
prises: bonding the bumps to the circuit bonding region

using a second adhesive layer by a hot pressing process.
Other features of the present disclosure and the advan-
tages thereol will become explicit by the following detailed
descriptions of the exemplary embodiments of the present
disclosure with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which constitute a part of
the specification, describe the embodiments of the present
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disclosure and, together with the description, serve to
explain the principles of the present disclosure.

The present disclosure will be more clearly understood
from the following detailed description with reference to the
accompanying drawings, i which:

FIG. 1 1s a cross-sectional view showing the structure of
a flexible display device according to some embodiments of
the present disclosure;

FIG. 2 1s a cross-sectional view showing the structure of
a flexible display device according to other embodiments of
the present disclosure;

FIG. 3 1s a cross-sectional view showing the structure of
a flexible display device according to other embodiments of
the present disclosure:

FIG. 4 1s a flow chart 1llustrating a method for manufac-
turing a flexible display device according to some embodi-
ments of the present disclosure:

FIG. 5A 1s a cross-sectional view showing the structure in
a stage of the manufacturing process of a flexible display
device according to some embodiments of the present dis-
closure:

FIG. 5B 1s a cross-sectional view showing the structure in
a stage of the manufacturing process of a flexible display
device according to some embodiments of the present dis-
closure;

FIG. 6 1s a flow chart illustrating a method for manufac-
turing a flexible display device according to other embodi-
ments ol the present disclosure;

FIG. 7 1s a cross-sectional view showing the structure in
a stage of the manufacturing process of a tlexible display
device according to other embodiments of the present dis-
closure;

FIG. 8 1s a cross-sectional view showing the structure in
a stage of the manufacturing process of a tlexible display
device according to other embodiments of the present dis-
closure;

FIG. 9 1s a top view showing a flexible display device
according to some embodiments of the present disclosure,
wherein FIGS. 1, 2, and 3 are cross-sectional views of
structures taken along line A-A' in FIG. 9;

FI1G. 10 1s a cross-sectional view showing a display region
of a flexible display panel of a flexible display device
according to an embodiment of the present disclosure;

FIG. 11 1s a cross-sectional view showing a structure of a
flexible display device according to another embodiment of
the present disclosure.

It should be understood that the dimensions of the various
parts shown in the drawings are not drawn to the actual
scale. In addition, the same or similar reference signs are
used to denote the same or similar components.

DETAILED DESCRIPTION

Various exemplary embodiments of the present disclosure
will now be described 1n detail with reference to the accom-
panying drawings. The following description of the exem-
plary embodiments 1s merely 1llustrative and 1s 1n no way
intended as a limitation to the present disclosure, 1ts appli-
cation or use. The present disclosure may be implemented 1n
many different forms, not limited to the embodiments
described herein. These embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the disclosure to those skilled 1n the art.
Notice that, unless specifically stated otherwise. relative
arrangement of components and steps, material composi-
tion, numerical expressions, and numerical values set forth
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in these embodiments are to be construed as merely 1llus-
trative, and not as a limitation.

The use of the terms “first”, “second” and similar words
in the present disclosure do not denote any order, quantity or
importance, but are merely used to distinguish between
different parts. A word such as “comprise” “contain” or
variants thereof means that the element before the word
covers the element(s) listed after the word without excluding
the possibility of also covering other elements. The terms
“up”, “down”, “left”, “right” or the like are used only to
represent a relative positional relationship, and the relative
positional relationship may be changed correspondingly it
the absolute position of the described object changes.

In the present disclosure, when 1t 1s described that a
specific component 1s disposed between a first component
and a second component, there may be an intervening
component between the specific component and the first
component or the second component, or there may be no
intervening component. When 1t 1s described that a specific
component 1s connected to other components, the specific
component may be directly connected to the other compo-
nents without intervening components, or may have an
intermediate component without being directly connected
with the other components.

Unless otherwise defined, all terms (comprising technical
and scientific terms) used herein have the same meanings as
the meanings commonly understood by one of ordinary skall
in the art to which the present disclosure belongs. It should
also be understood that terms as defined 1n general diction-
aries, unless explicitly defined herein, should be interpreted
as having meanings that are consistent with their meanings
in the context of the relevant art, and not to be interpreted 1n
an 1dealized or extremely formalized sense.

Techniques, methods, and apparatus known to those of
ordinary skill i the relevant art may not be discussed 1n
detail, but where appropnate, these techmques, methods,
and apparatuses should be considered as part of the speci-
fication.

The inventors of the present disclosure have found that 1n
the process of directly bonding an IC to a flexible display
screen by the COP method, direct pressure-bonding causes

PSA (Pressure Sensitive Adhesive) in a back film structure
bonded to the IC to tflow since the hardness of the IC 1s
relatively high. This causes the display panel to sag and
causes wire breakage.

Further, in the related art, IC bumps are bonded to a circuit
bonding region of a display panel by an ACF (Anisotropic
Conductive Film). ACF 1s a conductive {ilm that can achieve
lateral 1nsulation and longitudinal conduction. Performing a
bonding process by ACF can achieve longitudinal conduc-
tion of an IC and circuits 1n the display panel.

The mventors of the present disclosure have also found
that 1n the process of directly bonding an IC to a flexible
display screen by the COP method, direct pressure-bonding
of the IC may also cause a warp of the panel, resulting in the
accumulation of ACF particles 1n the warp area of the panel.
The ACF achieves conductive properties through conductive
particles. Due to the flow deformation of a back adhesive
layer (for example, PSA), particles will be excessively
accumulated in the warp area of the panel and a lateral
pressure 1s produced, which cause the ACF particles to be
laterally crushed, thereby resulting 1n a lateral conductive
condition. The lateral conductive ACF particles are in con-
tact with the sides of the two IC bumps, thereby causing an
IC short circuit.
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Therefore, the COP method 1n the related art easily causes
sagging deformation and warping of a display panel, thereby
causes wire breakage and IC short circuit in the display
panel.

In view of this, some embodiments of the present disclo-
sure provide a structure of a flexible display device to
alleviate the problem of sagging deformation and warping of
a display panel caused by a process of bonding an integrated
circuit layer to the flexible display panel. The structure of the
flexible display device according to some embodiments of
the present disclosure will be described 1n detail below with
reference to the accompanying drawings.

FIG. 1 1s a cross-sectional view showing the structure of
a flexible display device according to some embodiments of
the present disclosure.

As shown 1n FIG. 1, the flexible display device comprises
a tlexible display panel 10. A front surface of the flexible
display panel 10 1s provided with a circuit bonding region
1042. In some embodiments, the flexible display panel
comprises a display region 92 and a non-display region 94,
as shown 1n FIG. 9, and the circuit bonding region is in the
non-display region 94. Here. FI1G. 1 1s a cross-sectional view
of the structure taken along line A-A' in FIG. 9. As shown
in FIG. 1, the flexible display panel 10 comprises a first
flexible substrate 102. The circuit bonding region 1042 is
above the first tlexible substrate 102.

As shown 1n FIG. 1, the flexible display device further
comprises a hardened layer 14 on the first flexible substrate
102. The hardened layer 14 1s at a position corresponding to
the circuit bonding region 1042. For example, the hardened
layer 14 1s directly below the circuit bonding region 1042.
Alternatively, the hardened layer 14 deviates from the posi-
tion directly below the circuit bonding region 1042, with at
least a portion of the hardened layer being directly below the
circuit bonding region 1042. As another example, a projec-
tion of the hardened layer 14 on the front surface of the
flexible display panel at least partially (for example, par-
tially or completely) coincides with the circuit bonding
region.

As shown 1n FIG. 1, the flexible display device further
comprises an integrated circuit layer 12 with bumps 122.
The mtegrated circuit layer 12 1s bonded to the circuit
bonding region 1042 by the bumps 122.

In the tlexible display device of the above embodiment, a
hardened layer corresponding to the circuit bonding region
1s on the first flexible substrate of the flexible display panel.
This relieves the problem of sagging deformation and warp-
ing of the display panel caused in the process of bonding the
integrated circuit layer to the flexible display panel. This
avoids as much as possible the wire breakage which may be
caused by the sagging deformation of the flexible display
panel, and the short circuits occurred in the integrated circuit
layer which may be caused by the warping of the flexible
display panel.

In some embodiments, as shown 1n FIG. 1, a back surface
of the first flexible substrate 102 1s a back surface of the
flexible display panel 10. The hardened layer 1s on the back
surface of the first flexible substrate 102. In this embodi-
ment, through providing a hardened layer corresponding to
the circuit bonding region on the back surface of the first
flexible substrate, the problem that the display panel may be
deformed and warped 1n a process of bonding the integrated
circuit layer to the tlexible display panel 1s relieved.

In some embodiments, as shown i1n FIG. 1, the flexible
display panel 10 further comprises a structural layer 104 on
the first flexible substrate 102. A front surface of the struc-
tural layer 104 1s the front surface of the flexible display

10

15

20

25

30

35

40

45

50

55

60

65

6

panel 10. Of course, those skilled in the art will appreciate
that material layers or function layers or the like contained
in the structural layer 104 herein. For example, the structural
layer 104 comprise a light emitting layer, a thin film encap-
sulation layer, a display panel circuit layer, or the like, which
will not be described 1n detail herein.

In some embodiments, an area of the hardened layer 14 1s
greater than or equal to an area of the circuit bonding region
1042. This allows the hardened layer to cover the region
under the circuit bonding region as much as possible,
thereby the problem of the sagging deformation and warping
of the display panel 1s relieved better.

In some embodiments, a material of the hardened layer 14
comprises: siloxane or a resin containing inorganic nanopar-
ticles, etc. Of course, those skilled in the art will appreciate
that, 1n other embodiments, the material of the hardened
layer comprises other materials having hardening character-
istics. Therefore, the scope of the embodiments of the
present disclosure 1s not limited thereto.

In some embodiments, as shown 1n FIG. 1, the flexible
display device fturther comprises a base film layer 17 and a
first adhesive layer 16 covering the hardened layer 14 and
the back surface of the flexible display panel 10 (for
example, the back surface of the first flexible substrate 102).
The base film layer 17 serves as a lower protective film of
the flexible display panel, and provides protection and
support for the flexible display panel. The first adhesive
layer 16 1s configured to adhere the base film layer 17 to the
back surface of the flexible display panel 10. For example,
the first adhesive layer 16 comprises a pressure sensifive
adhesive. In some embodiments, the thickness H, of the
hardened layer 14 1s less than the thickness H, of a portion
of the first adhesive layer 16 that covers the back surface of
the tlexible display panel. In this way, in the process of
adhering the base film layer to the back surface of the
flexible display panel, the first adhesive layer completely
covers the hardened layer, thereby avoiding the problem of
unevenness ol the base film layer due to the hardened layer
being higher than the back surface of the flexible display
panel, and making the base film layer as flat as possible.

In some embodiments, a thickness of the hardened layer
14 ranges from 5 micrometers to 50 micrometers. For
example, the thickness of the hardened layer 14 1s 10
micrometers, 20 micrometers, 30 micrometers, or 40
micrometers, or the like. The hardened layer 1s within the
above thickness range so that a relatively flat base film layer
1s obtained 1n the process of adhering the base film layer.

In some embodiments, as shown 1n FIG. 1, the bumps 122
are bonded to the circuit bonding region 1042 by a second
adhesive layer 18. For example, the second adhesive layer
18 comprises ACF. Of course, those skilled in the art waill
appreciate that the way of bonding the bumps 122 to the
circuit bonding region 1042 i1s not limited thereto. For
example, the bumps 122 1s also directly pressure-bonded to
the circuit bonding region 1042,

FIG. 2 1s a cross-sectional view showing the structure of
a flexible display device according to other embodiments of
the present disclosure. Here, FIG. 2 1s a cross-sectional view
of the structure taken along line A-A'in FI1G. 9. The structure
of the flexible display device shown in FIG. 2 1s similar to
that of the flexible display device shown in FIG. 1. The
structure of the flexible display device shown in FIG. 2
differs from that of FIG. 1 in that, in the flexible display
device shown i FIG. 2, a hardened layer 24 1s on a front
surface of the first flexible substrate 102. Here, the back
surface of the first flexible substrate 102 1s the back surface
of the flexible display panel 20, and the front surface of the
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first flexible substrate 102 1s a surface opposite to the back
surface of the first flexible substrate 102. The hardened layer
24 1s 1nside the flexible display panel 20. Similarly, the
hardened layer 24 1s at a position corresponding to the circuit
bonding region 1042. Here, the hardened layer 24 1s dis-
posed on the front surface of the first flexible substrate 102,
1.€., 1t 1s disposed within the tlexible display panel, and also
relieves the problem of sagging deformation and warping of
the display panel caused in the process of bonding the
integrated circuit layer and the flexible display panel.

FIG. 3 1s a cross-sectional view showing the structure of
a flexible display device according to other embodiments of
the present disclosure. Here, FIG. 3 1s a cross-sectional view
of the structure taken along line A-A' 1n FIG. 9. The structure
of the flexible display device shown i FIG. 3 1s similar to
that of the flexible display device shown in FIG. 2. The
structure of the flexible display device shown in FIG. 3
differs from that of FIG. 2 in that, the flexible display panel
30 shown in FIG. 3 further comprises a second flexible
substrate 306. A hardened layer 34 1s between the first
flexible substrate 102 and the second flexible substrate 306.
For example, as shown i FIG. 3, the second flexible
substrate 1s above the first flexible substrate. In this embodi-
ment, the hardened layer 1s in the double-layer flexible
substrate structure within the flexible display panel, which
also relieves the problem of sagging deformation and warp-
ing of the display panel caused in the process of bonding the
integrated circuit layer and the flexible display panel.

In some embodiments, 1n addition to the first flexible
substrate 102 and the second flexible substrate 306, the
double-layer flexible substrate structure shown in FIG. 3
turther comprises an insulating layer 308 between the {first
flexible substrate 102 and the second flexible substrate 306.
For example, the material of the imnsulating layer 308 com-
prises silicon dioxide. In some embodiments, as shown in
FIG. 3, the hardened layer 34 is between the first flexible
substrate 102 and the insulating layer 308. In other embodi-
ments, the hardened layer 34 1s between the insulating layer
308 and the second flexible substrate 306, as shown in FIG.
11.

In the tlexible display device of the above embodiment,
the hardened layer 1s provided on the first flexible substrate
of the flexible display panel. For example, the hardened
layer 1s provided on the front or back surface of the first
flexible substrate. The hardened layer corresponds to the
circuit bonding region. This relieves the problem of sagging
deformation and warping of the display panel caused in the
process of bonding the integrated circuit layer to the tlexible
display panel. This avoids as much as possible the wire
breakage which may be caused by the sagging deformation
of the tlexible display panel and the short circuits occurred
in the integrated circuit layer which may be caused by the
warping of the tlexible display panel.

In some embodiments of the present disclosure, a display
apparatus 1s further provided. The display apparatus com-
prises the flexible display device described above, such as
the flexible display device showed 1n FIG. 1, 2 or 3.

In some embodiments of the present disclosure, a method
for manufacturing a flexible display device i1s further pro-
vided.

In some embodiments of the present disclosure, the manu-
facturing method comprises providing a flexible display
panel. A front surface of the flexible display panel 1s
provided with a circuit bonding region. The flexible display
panel comprises a first flexible substrate. The circuit bonding,
region 1s above the first flexible substrate. A hardened layer
1s formed on the first flexible substrate. The hardened layer
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1s at a position corresponding to the circuit bonding region.
A back surface of the first tlexible substrate 1s a back surface
of the flexible display panel. For example, the hardened
layer 1s formed on the back surface of the first flexible
substrate. As another example, the hardened layer 1s formed
on the front surface of the first flexible substrate.

In some embodiments, 1n the step of providing a flexible
display panel, the flexible display panel further comprises a
second flexible substrate. The hardened layer 1s between the
first tlexible substrate and the second flexible substrate. That
1s, 1n the case where the hardened layer 1s formed on the
front surface of the first tlexible substrate, the hardened layer
1s formed between the first flexible substrate and the second
flexible substrate.

In some embodiments, the step of providing a flexible
display panel comprises forming a hardened layer on the
first flexible substrate by a wet coating process. For
example, the hardened layer 1s formed on the front or back
surface of the first flexible substrate by the wet coating
process. Of course, those skilled 1n the art will appreciate
that the step of providing a flexible display panel further
comprises other steps, such as a step of forming a structural
layer on the first flexible substrate.

In some embodiments of the present disclosure, the manu-
facturing method further comprise bonding bumps of an
integrated circuit layer to the circuit bonding region to bond
the integrated circuit layer to the flexible display panel. For
example, the bumps are bonded to the circuit bonding
regions using a second adhesive layer by a hot pressing
process.

In the manufacturing method of the above embodiments,
the hardened layer 1s formed on the first flexible substrate,
and the hardened layer 1s at a position corresponding to the
circuit bonding region. The integrated circuit layer 1s then
bonded to the flexible display panel. In the bonding process,
the hardened layer serves as a flat structure to absorb the
stress, thereby evenly distributing the stress so that the
pressure on the first adhesive layer 1s evenly distributed.
This relieves the problem of sagging deformation and warp-
ing of the display panel caused in the process of bonding the
integrated circuit layer to the flexible display panel, so that
the wire breakage and the short circuits 1in the integrated
circuit layer are avoided as much as possible.

Below, the manufacturing process of the tlexible display
device according to some embodiments of the present dis-
closure will be described 1n detail 1n such a condition that the
hardened layer 1s formed on the back surface or front surface
of the first flexible substrate.

FIG. 4 1s a flow chart illustrating a method for manufac-
turing a tlexible display device according to some embodi-
ments ol the present disclosure. FIGS. 5A, 5B and 1 are
cross-sectional views showing the structures in some stages
of the manufacturing process of a flexible display device
according to some embodiments of the present disclosure.
The manufacturing process of a flexible display device
according to some embodiments of the present disclosure
will be described 1n detail below with reference to FIGS. 4,
SA. 5B, and 1.

As shown in FI1G. 4, 1n step S42, provide a tlexible display
panel. A front surface of the flexible display panel 1s
provided with a circuit bonding region. The flexible display
panel comprises a first flexible substrate. The circuit bonding,
region 1s above the first flexible substrate. A back surface of
the first tlexible substrate 1s a back surface of the flexible
display panel.

FIG. 5A 15 a cross-sectional view showing the structure 1n
a step S42 of the manufacturing process of a flexible display
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device according to some embodiments of the present dis-
closure. As shown 1n FIG. 5A, a flexible display panel 10 1s
provided. A front surface of the flexible display panel 10 1s
provided with a circuit bonding region 1042. The flexible
display panel 10 comprises a {irst flexible substrate 102. The
circuit bonding region 1042 1s above the first flexible
substrate 102. For example, the circuit bonding region 1042
1s above the front surface of the first flexible substrate 102.
A back surface of the first flexible substrate 102 1s a back
surface of the flexible display panel 10. The flexible display
panel 10 further comprises a structural layer 104 on the first
flexible substrate 102, wherein the circuit bonding region
1042 1s at the front surface of the structural layer 104.

In some embodiments, the step of providing a flexible
display panel comprises coating a tlexible substrate material
layer on a glass carrier and curing the flexible substrate
material layer mto a film to form the first tlexible substrate.

In some embodiments, the step of providing a flexible
display panel further comprises forming a barrier layer 1001
on the first flexible substrate 102, and forming TFT (Thin
Film Transistor) array elements 1002 on the barrier layer
1001, as shown in FIG. 10. For example, the barrier layer
comprises silicon nitride, silicon oxide, or the like.

In some embodiments, the step of providing a flexible
display panel further comprises forming a light emitting
layer (for example, an OLED (Organic Light Emitting
Diode) light emitting layer) 1003 on the TFT array elements
1002, and then forming a thin film encapsulation (TFE) 1004
on the light emitting layer 1003, as shown in FIG. 10. The
TFE comprises a stacked structure of inorganic/organic
layers.

In some embodiments, the step of providing a flexible
display panel further comprises attaching an upper protec-
tive film on the thin film encapsulation, wherein the size of
the upper protective film 1s larger than that of the first
flexible substrate, thereby a flexible display panel 1s formed
on the glass carrier; then the flexible display panel 1s lifted
ofl from the glass carrier by laser. Here, the flexible display
panel comprises the first flexible substrate and the structural
layer on the first flexible substrate. For example, the struc-
tural layer comprises the barrier layer, TFT array elements,
the light-emitting layer, the thin film encapsulation, or the
like. In addition, the structural layer further comprises a
display panel circuit layer or the like. For example, the
display panel circuit layer 1s formed before forming the thin
film encapsulation.

Returming to FI1G. 4, 1n step S44, form a hardened layer on
the back surface of the first flexible substrate, the hardened
layer being at a position corresponding to the circuit bonding
region.

FIG. 5B 1s a cross-sectional view showing the structure in
a step S44 of the manufacturing process of a flexible display
device according to some embodiments of the present dis-
closure. As shown in FIG. 5B, a hardened layer 14 1s formed
on the back surface of the first flexible substrate 102 (1.e., the
back surface of the flexible display panel 10) by a wet
coating process, for example. The hardened layer 14 1s at a
position corresponding to the circuit bonding region 1042,
As shown i FIG. 5B, the hardened layer 14 1s directly
below the circuit bonding region 1042. Alternatively, the
hardened layer 14 1s at a position deviated from the circuit
bonding region 1042 in the vertical direction, however, with
at least a portion of the hardened layer being directly below
the circuit bonding region 1042. As another example, a
projection of the hardened layer 14 on the front surface of
the flexible display panel 10 at least partially coincides with
the circuit bonding region 1042.
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Returning to FIG. 4, in step S46, bond bumps of an
integrated circuit layer to the circuit bonding region to bond
the integrated circuit layer to the flexible display panel.

FIG. 1 1s a cross-sectional view showing the structure 1n
a step S46 of the manufacturing process of a flexible display
device according to some embodiments of the present dis-
closure. As shown 1n FIG. 1, by a hot pressing process, for
example, the bumps 122 are bonded to the circuit bonding
region 1042 using a second adhesive layer 18, thereby
bonding the integrated circuit layer 12 to the tlexible display
panel 10.

In some embodiments, before bonding the bumps of the
integrated circuit layer to the circuit bonding region, the
manufacturing method further comprises: adhering the base
film layer 17 to the back surface of the flexible display panel
10 by a first adhesive layer 16 (for example, PSA) to form
the structure as shown in FIG. 1, the first adhesive layer
covering the hardened layer 14 and the back surface of the
flexible display panel 10. In some embodiments, the thick-
ness H, of the hardened layer 14 1s less than the thickness H,
of the portion of the first adhesive layer 16 that covers the
back surface of the flexible display panel.

In some embodiments, after adhering the base film layer,
the method further comprises: cutting the tlexible display
panel. The cutting comprises full-cutting and half-cutting.
Full-cutting refers to cutting off all the film layers to obtain
a single display panel (which 1s referred to as a display panel
umt). Half-cutting refers to cutting ofl one or two outermost
film layers, for example, cutting oil a portion of the upper
protective film above the circuit bonding region. Then, the
portion of the upper protective film above the circuit bond-
ing region ol each single display panel 1s removed, and COP
bonding 1s performed, that 1s, bonding the bumps to the
circuit bonding region by the second adhesive layer.

Heretofore, a method for manufacturing a flexible display
device according to some embodiments of the present dis-
closure has been provided. In this manufacturing method, a
hardened layer 1s formed on the back surface of the first
flexible substrate. The hardened layer i1s at a position cor-
responding to the circuit bonding region. The integrated
circuit layer 1s bonded to the flexible display panel. In the
bonding process, the hardened layer serves as a flat structure
to absorb the stress, thereby evenly distributing the stress so
that the pressure on the first adhesive layer 1s evenly
distributed. This avoids uneven stress conducted to the first
adhesive due to uneven distribution of bumps, thereby
preventing warping of the flexible display panel. Thus, the
accumulation ol ACF particles 1n the warped region of the
flexible display panel i1s prevented, and thereby the IC
short-circuit phenomenon caused by particles 1n contact with
the sides of the two bumps 1s avoided. In addition, the
method also prevents other problems such as the wire
breakage caused by sagging deformation of the flexible
display panel, thereby improving the yield of the bonding
pProcess.

In some embodiments, the manufacturing method turther
comprises: removing the upper protective film, and attach-
ing an upper functional film (such as a POL (Polarizer), a
touch function layer, etc.) to complete a modularity process,
thereby forming a complete flexible module device.

FIG. 6 1s a flow chart illustrating a method for manufac-
turing a flexible display device according to other embodi-
ments of the present disclosure. FIG. 7 1s a cross-sectional
view showing the structure in a stage of the manufacturing
process of a flexible display device according to other
embodiments of the present disclosure. The manufacturing
process of a flexible display device according to other
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embodiments of the present disclosure will be described 1n
detail below with reference to FIGS. 6, 7, and 2.

As shown 1n FIG. 6, 1n step S62, provide a flexible display
panel. A front surface of the flexible display panel 1s
provided with a circuit bonding region. The flexible display
panel comprises a first flexible substrate. The circuit bonding
region 1s above the first flexible substrate. A back surface of
the first flexible substrate 1s a back surface of the flexible
display panel. A hardened layer i1s formed on the front
surface of the first tlexible substrate. The hardened layer 1s
at a position corresponding to the circuit bonding region.

FIG. 7 1s a cross-sectional view showing the structure in
step S62 of the manufacturing process of a tlexible display
device according to other embodiments of the present dis-
closure. As shown 1n FIG. 7, a flexible display panel 20 1s
provided. A front surface of the flexible display panel 20 1s
provided with a circuit bonding region 1042. The flexible
display panel 20 comprises a {irst flexible substrate 102. The
circuit bonding region 1042 1s above the first flexible
substrate 102. A back surface of the first flexible substrate
102 15 a back surface of the flexible display panel 20. A front
surface of the first flexible substrate 102 1s a surface opposite
to the back surface of the first flexible substrate 102. A
hardened layer 24 1s formed on the front surface of the first
tflexible substrate 102. The hardened layer 24 1s at a position
corresponding to the circuit bonding region 1042. The
flexible display panel 20 turther comprises a structural layer
104 on the first flexible substrate 102. The circuit bonding
region 1042 1s at a front surface of the structural layer 104.
The hardened layer 24 1s between the first flexible substrate
102 and the structural layer 104.

In some embodiments, the step of providing a flexible
display panel comprises: providing a first flexible substrate;
forming a hardened layer on the first flexible substrate; and
forming a structural layer covering the hardened layer on the
first flexible substrate.

Returming to FIG. 6, 1 step S64, bond bumps of an
integrated circuit layer to the circuit bonding region to bond
the integrated circuit layer to the flexible display panel.

FIG. 2 1s a cross-sectional view showing the structure in
step S64 of the manufacturing process of a tlexible display
device according to other embodiments of the present dis-
closure. As shown 1n FIG. 2, by a hot pressing process, for
example, the bumps 122 of the integrated circuit layer 12 are
bonded to the circuit bonding region 1042 using a second
adhesive layer 18, thereby bonding the integrated circuit
layer 12 to the flexible display panel 20.

In some embodiments, before step S64, the manufacturing
method further comprise: as shown 1n FIG. 2, adherning the
base film layer 17 to the back surface of the flexible display
panel 20 by a first adhesive layer 16.

Heretofore, a method for manufacturing a tlexible display
device according to other embodiments of the present dis-
closure has been provided. In this manufacturing method, a
hardened layer 1s formed on the front surface of the first
flexible substrate. That 1s, a hardened layer 1s formed within
the flexible display panel. The hardened layer 1s at a position
corresponding to the circuit bonding region. The integrated
circuit layer 1s bonded to the flexible display panel. In the
bonding process, the hardened layer serves as a flat structure
to absorb the stress, thereby evenly distributing the stress so
that the pressure on the first adhesive layer 1s evenly
distributed. This relieves the problem of sagging deforma-
tion and warping of the display panel caused 1n the process
of bonding the integrated circuit layer to the flexible display
panel, so that the wire breakage and the short circuits 1n the
integrated circuit layer are avoided as much as possible.
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FIGS. 8 and 3 are cross-sectional views showing the
structures 1n some stages of the manufacturing process of a
flexible display device according to other embodiments of
the present disclosure. The manufacturing process of a
flexible display device according to other embodiments of
the present disclosure will be described 1n detail below with
reference to FIGS. 8 and 3.

Firstly, as shown in FIG. 8, a flexible display panel 30 1s
provided. A front surface of the flexible display panel 30 1s
provided with a circuit bonding region 1042. The flexible
display panel 30 comprises a {irst flexible substrate 102. The
circuit bonding region 1042 1s above the first flexible
substrate 102. A back surface of the first flexible substrate
102 1s a back surface of the flexible display panel 30. A
hardened layer 34 1s formed on the front surface of the first
flexible substrate 102. The hardened layer 34 1s at a position
corresponding to the circuit bonding region 1042. The
flexible display panel 30 further comprises a structural layer
104 above the first flexible substrate 102. The circuit bond-
ing region 1042 1s at a front surface of the structural layer
104. In the step of providing a flexible display panel, as
shown in FIG. 8, the flexible display panel 30 further
comprises a second flexible substrate 306. The hardened
layer 34 1s disposed between the first tlexible substrate 102
and the second flexible substrate 306. For example, the
second flexible substrate 306 1s above the first flexible
substrate 102. The first flexible substrate and the second
flexible substrate form a double-layer flexible substrate
structure together.

In some embodiments, as shown 1n FIG. 8, the double-
layer flexible substrate structure further comprises an 1nsu-
lating layer 308 between the first flexible substrate 102 and
the second flexible substrate 306. The hardened layer 34 1s
between the first flexible substrate 102 and the insulating
layer 308. In other embodiments, the hardened layer 34 is
between the msulating layer 308 and the second flexible
substrate 306 (not shown).

In some embodiments, the step of providing a flexible
display panel comprises: providing a first flexible substrate;
forming a hardened layer on the first flexible substrate:
forming a second flexible substrate directly or indirectly
covering the hardened layer; and forming a structural layer
on the second flexible substrate.

Next, as shown 1n FIG. 3, a base film layer 17 1s adhered
to the back surface of the flexible display panel 20 by a first
adhesive layer 16. Then, by a hot pressing process, the
bumps 122 of the mtegrated circuit layer 12 are bonded to
the circuit bonding region 1042 using a second adhesive
layer 18, thereby bonding the integrated circuit layer 12 to
the flexible display panel 30.

Heretofore, a method for manufacturing a flexible display
device according to other embodiments of the present dis-
closure has been provided. In this manufacturing method, a
hardened layer 1s formed between the first tflexible substrate
and the second flexible substrate. That 1s, a hardened layer
1s formed within the flexible display panel. The hardened
layer 1s at a position corresponding to the circuit bonding
region. The integrated circuit layer 1s bonded to the flexible
display panel. In the bonding process, the hardened layer
serves as a flat structure to absorb the stress, thereby evenly
distributing the stress so that the pressure on the first
adhesive layer 1s evenly distributed. This relieves the prob-
lem of sagging deformation and warping of the display panel
caused 1n the process of bonding the integrated circuit layer
to the flexible display panel, so that the wire breakage and
the short circuits in the integrated circuit layer 1s avoided as
much as possible.
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Heretotore, various embodiments of the present disclo-
sure have been described in detail. In order to avoid obscur-
ing the concepts of the present disclosure, some details
known 1n the art are not described. Based on the above
description, those skilled in the art can understand how to
implement the technical solutions disclosed herein.

Although some specific embodiments of the present dis-
closure have been described 1n detail by way of example,
those skilled in the art should understand that the above
examples are only for the purpose of 1llustration and are not
intended to limit the scope of the present disclosure. It
should be understood by those skilled 1n the art that the
above embodiments may be modified or equivalently sub-
stituted for part of the technical features without departing
from the scope and spirit of the present disclosure. The scope
of the disclosure 1s defined by the following claims.

What 1s claimed 1s:

1. An organic light emitting diode (OLED) flexible dis-

play device, comprising:

a flexible display panel, a front surface of the flexible
display panel provided with a circuit bonding region,
the flexible display panel comprising: a first tlexible
substrate, the circuit bonding region being above the
first flexible substrate, a barrier layer on the first
flexible substrate, thin film transistor (TFT) array ele-
ments on the barrier layer, a light emitting layer on the
TFT array elements, and a thin film encapsulation on
the light emitting layer, wherein the barrier layer, the
TFT array elements, the light emitting layer, and the
thin film encapsulation are 1n a display region of the
flexible display panel;

a hardened layer on the first flexible substrate, wherein the
hardened layer 1s at a position corresponding to the
circuit bonding region, the hardened layer 1s in a
non-display region of the flexible display panel, a
thickness of the hardened layer ranges from 5 microm-
eters to 50 micrometers, an area of the hardened layer
1s greater than or equal to an area of the circuit bonding
region, and the first flexible substrate 1s between the
hardened layer and the TFT array elements; and

an integrated circuit layer with bumps, the integrated
circuit layer being bonded to the circuit bonding region
by the bumps;

wherein the flexible display panel further comprises:

a second flexible substrate, wherein the hardened layer 1s
between the first flexible substrate and the second
flexible substrate; and

an 1sulating layer between the first flexible substrate and
the second flexible substrate, wherein the insulating
layer covers the hardened layer, the hardened layer 1s
between the insulating layer and the second flexible
substrate, the first flexible substrate 1s above the 1nsu-
lating layer, and the second flexible substrate 1s below
the 1nsulating layer.

2. The OLED tlexible display device according to claim

1, wherein

a projection of the hardened layer on the front surface of
the flexible display panel at least partially coincides
with the circuit bonding region.

3. The OLED flexible display device according to claim

1. wherein

a back surface of the first flexible substrate 1s a back
surface of the flexible display panel, and the hardened
layer 1s on the back surface of the first flexible sub-
strate.
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4. The OLED flexible display device according to claim
1, turther comprising;:
a base film layer; and
a first adhesive layer covering the hardened layer and a
back surface of the flexible display panel, configured to
adhere the base film layer to the back surface of the
flexible display panel;
wherein, a thickness of the hardened layer 1s less than a
thickness of a portion of the first adhesive layer cov-
ering the back surface of the flexible display panel.
5. The OLED flexible display device according to claim
1, wherein
a back surface of the first flexible substrate 1s a back
surface of the flexible display panel, the front surface of
the first tlexible substrate 1s a surface opposite to the
back surface of the first flexible substrate, and the
hardened layer 1s on the front surface of the first tlexible
substrate.

6. The OLED flexible display device according to claim
1, wherein

a material of the hardened layer comprises: siloxane or a

resin containing inorganic nanoparticles.

7. The OLED flexible display device according to claim
1, wherein

the bumps are bonded to the circuit bonding region by a

second adhesive layer.

8. A display apparatus, comprising: the OLED flexible
display device according to claim 1.

9. The OLED flexible display device according to claim
1, wherein the first flexible substrate and the second flexible
substrate are separated by the insulating layer.

10. A method for manufacturing an organic light emitting
diode (OLED) flexible display device, comprising:

providing a flexible display panel, a front surface of the

flexible display panel provided with a circuit bonding
region, the flexible display panel comprising a first
flexible substrate, the circuit bonding region being
above the first flexible substrate, a hardened layer being
formed on the first flexible substrate, wherein the
hardened layer 1s at a position corresponding to the
circuit bonding region, the hardened layer 1s 1n a
non-display region of the flexible display panel, a
thickness of the hardened layer ranges from 5 microm-
cters to 50 micrometers, an area of the hardened layer
1s greater than or equal to an area of the circuit bonding,
region, and the flexible display panel further comprises:
a second flexible substrate, wherein the hardened layer
1s formed between the first flexible substrate and the
second flexible substrate, and an insulating layer
between the first flexible substrate and the second
flexible substrate, wherein the nsulating layer covers
the hardened layer, the hardened layer 1s between the
insulating layer and the second flexible substrate, the
first tlexible substrate 1s above the msulating layer, and
the second flexible substrate 1s below the insulating
layer, and the providing of the flexible display panel
comprises: forming a barrier layer on the first flexible
substrate, forming TFT array elements on the barrier
layer, the first flexible substrate being between the
hardened layer and the TFT array elements, forming a
light emitting layer on the TFT array elements, and
forming a thin film encapsulation on the light emitting
layer, wherein the barnier layer, the TEFT array elements,
the light emitting layer, and the thin film encapsulation
are 1n a display region of the flexible display panel; and
bonding bumps of an integrated circuit layer to the circuit
bonding region to bond the integrated circuit layer to
the flexible display panel.
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11. The method according to claim 10, wherein

a projection of the hardened layer on the front surface of
the flexible display panel at least partially coincides
with the circuit bonding region.

12. The method according to claim 10, wherein 1n the step

of providing the flexible display panel,

a back surface of the first flexible substrate 1s a back
surface of the flexible display panel, and the hardened
layer 1s formed on the back surface of the first flexible
substrate.

13. The method according to claim 12, wherein before
bonding the bumps of the integrated circuit layer to the
circuit bonding region, the method further comprises:

adhering a base film layer to the back surface of the
flexible display panel by a first adhesive layer, the first
adhesive layer covering the hardened layer and the
back surface of the flexible display panel;

wherein, a thickness of the hardened layer 1s less than a

thickness of a portion of the first adhesive layer cov-
ering the back surface of the flexible display panel.
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14. The method according to claim 10, wherein 1n the step

of providing the flexible display panel,

a back surface of the first flexible substrate 1s a back
surface of the flexible display panel, the front surface of
the first flexible substrate 1s a surface opposite to the

back surface of the first flexible substrate, and the
hardened layer 1s formed on the front surface of the first
tflexible substrate.

15. The method according to claim 10, wherein the step
of providing the tlexible display panel comprises:

forming the hardened layer on the first flexible substrate

by a wet coating process.

16. The method according to claim 10, wherein the step
of bonding bumps of the integrated circuit layer to the circuit
bonding region comprises:

bonding the bumps to the circuit bonding region using a

second adhesive layer by a hot pressing process.

17. The method according to claim 10, wherein the first
flexible substrate and the second flexible substrate are sepa-
rated by the insulating layer.
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